Abstract: The epifaunal assemblage was evaluated at three different depths (5, 15 and 25 m) in the inshore waters of Pazhayar, Parangipettai and Cuddalore apart from 5 m depth near SIPCOT covering totally 10 stations (11
Introduction
The benthic ecosystem supports the richest biodiversity in the marine realm. The contribution of epifaunal animals to the benthic diversity is significant (Reiss & Kroncke 2004) . The seasonal variability in epibenthos with environmental parameters in the Southern North Sea was studied by Hinz et al. (2004) . The epifaunal macro-invertebrate assemblages of the continental shelf in the eastern Great Australian Bight (GAB) were studied in relation to environmental factors, including water depth and sediment type by Ward et al. (2006) . Benthic community structure has been used successfully in pollution monitoring and environmental assessment. Succession in macrobenthic community in relation to organic enrichment and pollution in the marine environment was investigated by Pearson & Rosenberg (1978) . Belan (2003) studied the abundance pattern and species composition in conditions of pollution in Amursky Bay. In the Cuddalore-Pazhayar coastal belt in the southeast coast of India, industrialization has started and increasing of industries is planned in the coming years. Baseline information on the epifauna will help in assessment of the impairment to the biota. As no information is available on the diversity of epifauna here, the present study has been undertaken.
Material and methods

Sample collection
Sampling was done at 10 stations ( Fig. 1 ) in the southeast coast of India between Cuddalore in the North to Pazhayar in the south (11 • 21 N to 11 • 42 N; 79
• 46 49 E to 79
• 52 34 E) during the four seasons, namely premonsoon, monsoon, postmonsoon and summer. Cuddalore and Pazhayar are important fishing areas having a minor fishing harbor each. Parangipettai waters have fertile fishing grounds. In Cuddalore, Paravnar (Uppanar), Gadilam and Pennaiyar rivers join the Bay of Bengal. In Parangipettai, the Vellar River joins the sea and in Pazhayar, the Coleroon River empties its content in to the sea. That way all these areas represent fertile areas. At each transect (Cuddalore, Parangipettai and Pazhayar), samples were collected at three depths (5, 15 and 25 m). Between Cuddalore and Parangipettai an industrial cluster is situated (SIPCOT -Small Industries Promotion Corporation of Tamil Nadu) and the industrial units here discharge treated/untreated effluents in to c 2010 Institute of Zoology, Slovak Academy of Sciences the sea. Therefore near the SIPCOT area a station at the depth of 5 m was fixed to compare the results between impacted area and fertile areas. Observations were made on the physico-chemical characteristics of sea water (temperature by centigrade thermometer, dissolved oxygen by Winkler's method following Strickland & Parsons 1972 , salinity by refractometer and pH by pH meter). Sediment granulometry was done by the Pipette method as proposed by Krumbein & Pettijohn (1938) . The Naturalist's dredge was used for collecting the epifauna. The dredge was made of a metal frame (30 cm × 70 cm) weighing about 70 kg, fitted with a nylon mesh (20 mm) with cod end mesh size of 8 mm. At each location, the dredge was hauled for about an hour at a speed of three knots. On hauling aboard the dredge, the organisms were segregated, washed with sea water, carefully transferred in to polythene containers, labeled and preserved in 5% formaldehyde/ denatured alcohol for analysis. Soft bodied organism like polychaetes and holothurians were narcotized in menthol and then transferred in to methylated alcohol for further taxonomic identification. After quantitative enumeration, the abundance was expressed as individuals per haul.
Data analysis
Univariate measures (Margalef's species richness d, Shannon Wiener diversity H log2, Pielou's evenness J and Simpson dominance index D), graphical tools (K-dominance curve and Species estimators -to get estimates of total number of species likely to obtain with intense collections) and multivariate tools (Cluster, Principal Coordinate Analysis-PCO and Distance-based linear model-DISTLM) were used to process the data. A study area map was drawn with the help of SURFER 8.0. All the univariate, graphical and multivariate analyses of data were done using PRIMER 6 (Version 6.1.12) and PERMANOVA+ (Version 1.0.2).
Results
Environmental parameters
The temperature varied from 26. 
Species composition of epifauna
As many as 112 species of epifauna were identified during the present study from all the stations. Of the 112 species recorded, gastropods formed the largest component (42.85%) in the collection with 48 species. Bivalves formed the second largest group (24.10%) with 27 species. The crustaceans and polychaetes ranked third and fourth with 19 (16.96%) and 7 (6.25%) species, respectively. The "others" came last in the order with 11 species (9.82%) (Echinodermata 6, Osteichthyes 2, Brachiopoda 1 and Scaphopoda 2). Among gastropods species viz. Ancilla scaphella (Sowerby, 1871), Babylonia spirata (L., 1758), Bullia tranquebarica (Roeding, 1798), Nassarius stolatus (Gmelin, 1791), Bursa rana (L., 1758), Murex trapa Roeding, 1798, Thais sp., Turicula javana (L., 1767) and Turritella acutangula (L., 1758) were found to occur during all the seasons. Among bivalves, species as Scapharca inaequivalvis (Bruguiere, 1789), Anadara rhombea Born, 1778, Trisodus tortuosa (L., 1758), Donax scortum (L., 1758.), Paphia textile (Gmelin, 1791) and Tellina angulata (L., 1767) were found to occur during all the seasons. Among the crustaceans, species as Alpheus sp., Balanus variegates Darwin, 1854, Portunus sanguinolentus (Herbst, 1783) and Matuta lunaris Forskal, 1775 showed consistency in their distribution during all the seasons. With respect to polychaetes species as Flabelligera affinis Sars, 1829 was found during all seasons. The group "others" included some miscellaneous species of echinoderms (Astropecten indicus Döderlein, 1888) and fishes (Leiognathus splendens (Cuvier, 1829), Cynoglossus macrolepidotus (Bleeker, 1851)) which were infrequent in their occurrence. SIPCOT (11.99) and maximum during premonsoon in Cuddalore 15 m (93.33). With respect to total phylogenetic diversity index (sPhi+), the minimum value was observed during summer in Parangipettai 5 m (200) and the maximum value (1380) during premonsoon in Parangipettai 5 m. When the data were pooled, the maximum number of species was recorded in Cuddalore transact (65 species) and the minimum in SIPCOT (20 species). The number of species recorded in transacts Pazhyar and Parangipettai were 61 and 62 species, respectively.
Graphical or distributional techniques
Species estimators Species estimators were used to predict the true number of species that would be observed as the number of samples tend to be infinity. The total number of species estimated by various extrapolators varied from 112 to 169.73 species (Fig. 2) . While the minimum estimate was given by Sobs and UGE, the maximum estimate was given by Jacknife 2. The number of species estimated by Chao1, Chao2, Jacknife1, Bootstrap and MM were 161.5, 152.33, 151.6, 130.45 and 111.16, respectively. k-dominance plot K-dominance curves were drawn to compare the diversity and also to determine the disturbance. In the present investigation the data collected during various seasons and from stations were input to the dominance plot (Fig. 3) . The dominance curve did not show an 'S' shape due to the presence of opportunistic species. The curve started around 40% and four species, Scapharca inaequivalvis, Balanus variegates, Turritella acutangula and Diogenes diogenes (Herbst, 1791) were found to contribute 71.18% of the total abundance (S. inaequivalvis -36.73%, B. variegatus -18.01%, T. acutangula -12.10% and D. diogenes -4.34%). In the SIPCOT station, S. inaequivalvis constituted as much as 88.26% of the total abundance which is quite evident in Fig. 4 .
The k-dominance curve drawn for the pooled data of all the stations separately is depicted in Fig. 5 . Cuddalore 25 m was lying at the bottom of the curve showing higher diversity followed by Parangipettai 25 m (PO25) and Parangipettai 15 m & Cuddalore 15 m which crisscrossed each showing overlap. SIPCOT was at the top of the curve showing poor diversity and higher dominance.
Multivariate methods
Similarity
The similarity percentage between the stations varied from 5.54 to 54.30%. While the maximum similarity was found between PNO5 and CUD 5, the minimum was found between SIPCOT and CUD15 stations.
Cluster analysis Cluster analysis was employed to know the grouping of the stations as a whole and for the pooled data. The results of cluster analysis for all the samples are shown in Fig. 6 . It showed 13 groups. Among these four groups were formed among stations of 5 m depth (5 m depth station formed a group with another 5 m depth station), three groups among 25 m depth stations, three groups between 5 m and 15 m depth stations, two groups between stations 15 m and 25 m depth stations and one group between 5 m and 25 m depth stations. The first group was formed by the 5 m depth stations of SIPCOT (premonsoon) and Cuddalore (postmonsoon). The last group was formed by stations of Cuddalore 15 and Cuddalore 25 m of the premonsoon season. The above pattern was quite evident in the dendrogram drawn using the factor (Fig. 7) . This pattern became very clear in the dendrogram drawn for the pooled data which showed three groups ( 
Principal coordinate analysis (PCO)
The output obtained from the analysis of principal coordinate is shown in Fig. 9 . The first axis explained 30.7% of the total variations and the second axis 19.1%. The first axis separated clearly all the 5 m depth stations from the other depth stations (15 m and 25 m). The results for environmental variables are shown in Fig. 10 . Here the first axis explained as much as 84.3% and the second axis 14% (combinedly the first two axes explained 98.3% of the variability). Through SIMPER analysis, six species, namely Epidiopatara hupferiana monroi Day, 1957, Paphia textile, Trachycardium asciaticum (Bruguiere, 1789), Balanus varigatus, Scapharca inaequivalvis, and Turitella acutangula were found to be the discriminating species.
These species were input in to the PCO ordination. While S. inaequivalvis, B. varigatus, and T. acutangula clearly showed affinity towards 5 m depth stations, E. huperiana monrai, Paphia textile and T. asciaticum showed affinity towards 15 and 25 m depth stations.
Distance based linear model
The distance based linear model (DISTLM) was used to find out the relationship between the abundance of epifauna and environmental variables. In the marginal test, temperature and depth showed a significant relationship with the species-derived multivariate data cloud when considered alone and ignoring all the other variables (Table 2) . Depth alone explained about 23.7% of the variability while temperature and pH explained 710 A. Khan et al. 17.5 and 10.6%, respectively. However, the probability was significant (P) only in the case of depth and was just significant in the case of temperature. With respect to all the other variables the P was not significant. In the sequencial test, depth had to be taken first (Table 3) . Next to this, the variable that increased the R 2 criterion the most was temperature. Together they explained about 32.8% of the variability in the data cloud. pH also explained about 12.5% of the variability. The next best variable was silt which added 8.4% to the explained variability. However, other than depth, the P values for other values were not significant. The best solution suggested that all the nine variables combinedly explained about 92.49% of the total variability.
Discussion
The present study on the diversity of epifauna showed interesting results. The transects fixed in the three places, namely Cuddalore, Parangipettai and Pazhayar which have riverine run-off showed comparatively higher diversity of epifauna (65, 62 and 61 species, respectively, in Cuddalore, Parangipettai and Pazhayar) than the station fixed near the SIPCOT industrial cluster (20 species). The number of species in the above transects was in the range of 2-19. In SIPCOT, it varied only from 3 to 9. Smith et al. (2006) has also reported lower diversity in dredged areas of North Sea and English Channel. The lower number of species recorded at stations other than SIPCOT is due to the gear used (dredge). The main drawback in the use of dredge in benthic diversity studies is that it is not capable of collecting all the epifaunal organisms-groups (brachyurans crabs and fishes were not much represented in the collections despite higher diversity), also in clayey sediments where it gets bogged down bringing less biota, instead of sliding on the bottom. This can be overcome to a certain extent through repeated sampling or by using other gears.
With respect to abundance, it varied from 4 to 952 ind./haul. In SIPCOT it was in the range of 50-952 ind./haul. The lower number of species in the SIP-COT station and higher abundance (dominance of a particular species) are indicative of the stress here. Due to stress Simpson dominance index was in the range of 0.12-0.88. In the other stations it was in the range of 0.02-0.33 only. In SIPCOT, the other indices also showed lower values compared to the Cuddalore, Parangipettai and Pazhayar. The dominance plot also vouched safe for this point. While the dominance plot for all the stations had its origin below 40% (Fig. 3 -which was also due to the species present in SIP-COT), the same for the SIPCOT had its origin above 80% (Fig. 4) showing higher dominance here. That way stress to the epifauna was quite evident through all the above parameters. The bivalve Scapharca inaequivalvis which was present in high numbers only at this station is responsible for the higher dominance (it constituted 36.73% of the total abundance in all the stations sampled and 88.26% of the total abundance in SIPCOT). The utility of this species as an indicator of pollution is worth investigating. The dominance of hermit crab Pagurus bernhardus and echinoderm Asterias rubens in intensively dredged areas of North Sea and English Channel was reported by Smith et al. (2006) . Zintzen et al. (2008) also reported the dominance of cnidarians Tubularia spp. in ship wrecks of southern bight in North Sea. Clarke & Warwick (2001) elaborated the traits of an opportunistic species as short life span, rapid development to reach reproductive maturity, many reproductive periods per year, high death rate and sedentary/sessile nature. The biology of S. inaequivalvis has to be examined in the light of these traits.
Increasing levels of environmental stress have historically been considered to decrease diversity (H ), decrease species richness (d) and decrease evenness (J ), i.e., increase dominance (Clarke & Warwick 2001) as observed in the present study. Subsequent theories on the influence of disturbance or stress on diversity have suggested that in situations where disturbance is minimal, species diversity is reduced because of competitive exclusion between species; with a slightly increased level or frequency of disturbance competition is relaxed, resulting in an increased diversity, and then at still higher or more frequent levels of disturbance species start to become eliminated by stress, so that diversity falls again. Thus it is at intermediate levels of disturbance that diversity is highest (Connell 1978; Huston 1979) . That way the moderate levels of diversity noticed in the present study besides the lowest levels can be considered to represent the latter two situations in SIPCOT. However, this aspect requires further studies involving intense collections besides the estimation of the levels of various pollutants here.
The number of species recorded in different stations and the abundance showed a general decrease with increase in depth. Such a trend was also noticed with respect to Margalef richness index, ShannonWiener diversity index and Total phylogenetic diversity index. Studies on abyssal benthos of the central Indian Ocean reported that the benthic standing crop decreases with increasing depth and distances from the shore (Parulekar et al. 1982 (Parulekar et al. , 1992 . Ward et al. (2006) also noticed decrease in the diversity of epibenthos with increase in depth in the eastern Great Australian Bight. Studies on the macrobenthic community structure of the northeast Indian shelf of Bay of Bengal also reported that the abundance decreases in general with depth as the nature of the sediments changes (Ganesh & Raman 2007) .
Usage of various extrapolators showed the likelihood of getting 169.73 species (Jacknife 2). Compared to this estimation, the number of species recorded is low (112 species only). This can be ascribed to the inability in obtaining samples on few occasions besides problems in the operation of the dredge. Therefore the sampling has to be intensified. That way the estimators are very useful in assessing the sufficiency of sampling effort.
For studying the species assemblages using multivariate tools, Bray-Curtis similarity is extensively used (Clarke & Warwick 2001) . In the present study, the similarity level varied from 5.54 to 54.30%. The similarity between the SIPCOT and other stations varied from 5.54 to 39.82%. The highest similarity of SIPCOT (39.82%) was with Cuddalore 5 m which was lying close by. Similarity among the other stations was in the range of 7.52-54.30%. That way differences in similarity were found between the SIPCOT and other stations. This got reflected in the formation of groups in the dendrogram where one group was formed by the samples collected from SIPCOT during two different seasons and another group with the nearby station Cuddalore 5 m.
The dendrogram (Fig. 7 ) also showed gradual change in species composition as the 5 m depth stations formed a group with another 5 m depth station or with 15 m depth station. Similarly, 15 m depth stations formed groups either with 25 m depth stations or 5 m depth stations. Very rarely (in one instance only) the 5 m depth station formed a group with 25 m depth station (Fig. 7) . All the 5 m depth stations formed one large group and the others another large group, indicating that species assemblage differed between the two larger groups.
Principal coordinates analysis (PCO) is used extensively in ecological research (Gower 1966) . It is also sometimes referred to as classical scaling, with origins in the psychometric literature (Torgerson 1958) . PCO places the samples onto Euclidean axes and it can be drawn using the matrix of inter-point dissimilarities ( Legendre & Legendre 1998 ). This analysis does ordination which is a projection onto axes in the space of the dissimilarity measure chosen. While many PCO axes can be included in the analysis, only the first two axes are drawn in ordination plots as shown in Figs 9-11. This analysis is found to be extremely useful in the present study as it separated the epifaunal diversity in 5 m depth stations from the other depths (15 and 25 m) with the first two axes explaining 49.8% of the total variability (Fig. 9) . With respect to environmental variables (Fig. 10) , it was found to be still more useful as the first two axes explained 98.35% of the total variability. The axes also showed a greater role of depth in the first axes and other variables in the second axes. The ordination was also found to be quite useful in distinguishing the assemblage of species characteristic of different depths (Fig. 11) . While Scapharca inaequivalvis, Balanus varigatus, and Turitella acutangula represented the assemblage in 5 m depth stations, species such as Epidiopatara hupferiana monroi, Paphia textile and Trachycardium asciaticum characterized the epifaunal community at the other depths. Currently, the distance-based linear model (DIS-TLM) was used to estimate the influence of different environmental variables on the distribution of epifauna. This model is a routine one in analyzing and modeling relationships between a multivariate data cloud, as described by a resemblance matrix, and one or more predictor variables (Anderson et al. 2008) . The routine allows predictor variables to be fit individually or together in specified sets. P-values for testing the null hypothesis of no relationship (either for individual variables alone or conditional or other variables) were obtained using appropriate permutation methods. That way DISTLM provided quantitative measures and tests of the variation explained by one or more predictor variables. This analysis unequivocally showed the influence of depth and temperature in the distribution of epifauna and all the 9 variables together explained about 92.49% of the total variability and was found to be extremely useful. Serrano et al. (2008) also found that depth influenced the epifaunal diversity in the Gailcian continental shelf of Spain. In future studies the SIP-COT area has to be covered intensively to record the disturbance to the community. The composition of effluents discharged has to be carefully analysed and the level of the constituents should be mapped clearly for minimizing the levels of pollutants and stress to the biota notwithstanding epifauna.
